
Lattice @ BNL
• Lattice has always been very special @ BNL due in particular to 

Creutz’s original work over 25 years ago. 
• Mike continues to be active in basic issues in LFT:

Strong CP, SM on the lattice, chiral symmetry; rooting issues
pertaining to staggered etc. 
For the past year Mike has a student Stanislav Srednyack from SB

• My focus :WME on the Lattice for long time now
• WME effort continues on with  RBC; RBC + UKQCD collaborations 
• Recent addition of Karsch (separate group) complements a very 

strong finite temp. aspect to Lattice@BNL. 
• Also RBRC has its own QCDOC [and UKQCD has large fraction of 

another QCDOC at Edinburgh]
• DOE-National Infrastructure for LGC: QCDOC @BNL
• Each QCDOC is ~5 sustained Tf (+ newest 

arrival due NYS is a BG/L but..)making BNL 
world class facility for Lattice gauge 
computations.  
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Lattice Phenomenology with 
domain wall quarks:

Hunting New Physics with the 
Lattice



Outline

• Why lattice is needed
• Exact chiral symmetry on the 

Lattice
• Illustrative applications
• Relevance of lattice to the LHC era
• Summary, outlook & concerns











Gimenez et al(HPQCD)
(staggered; 2+1)

PRD, 73,1145029(06)

RBC-UKQCD(DW;2+1);
hep-ph/0702042



Brief (~25 years) History of BK

, ~’83 DGH use K+ lifetime + LOChPT + SU(3)->
BK ~0.33… no error estimate, no scale dependence….

~’84 Lattice method for WME born…many attempts
& improvements for BK   evaluations

~’98 JLQCDstaggered BK (2GeV)= 0.628(42)quenched(~110).
~’97 1st BK  with DWQ(T.Blum&A.S),0.628(47) quenched.
~’01    RBC BK  with DWQ, quenched=0.532(11) quenched

~’05    RBC , nf=2, dyn. DWQ, BK =0.563(21)(39)(30)
~’06   Gimnez et al (HPQCD; stagg.) 2+1, BK =0.618(18)(19)(30)(130)
~07,RBC-UKQCD DWQ 2+1 …..0.557(12)(29)
DWQ  lower BK  -> requiring larger CKM-phase
~’08 Target 2+1 dyn. DWQ, BK with total error 5%
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B-factories & the lattice WME 
accomplish an important milestone!

• Phenomenal success of  B-factories at a cost of ~$109 produced a “clean”
measurement

• Existing experimental info + Lattice WM’s produced SM prediction
• Given the essential non-perturbative character  of LEQCD and the only 

reliable method for handling that is the lattice, had it not been for the  Lattice 
WM, B-factory clean #s could have turned into another ε’…

• This success though does not mean it should now  be abandoned as further 
accuracy may well reveal the precious gem of New Physics….

.  It is important to note that agreement of the SM-CKM paradigm and 
experimental measurements is only at the level of 15-20%......

(Remember εK ~ 10-3  so) plenty of BSM effects may be hiding within 
these errors….

Further improvement in accuracy in lattice calculations 
and experiments is highly desirable:

Target factor 2-3 reduction of theory error in sin 2β in
3-5 years! 



K -> π l ν on the lattice





Relevance of Lattice to the LHC era
• QCD will be an integral part of any BSM 

scenario -> need ability for non-
perturbative calculations.

• Two illustrations
• a)   BK

• b)   proton lifetime
• See also Brower & Creutz write-up for

SCIDAC (role of lattice for studying new 
strong dynamics that LHC may reveal)



Y.Aoki et al (RBC) ‘05



Results for LEC’s for proton decay



Near future (lattice) outlook

• RBC -> [RBC + UKQCD ] DWF project
• Due to the QCDOC machines @BNL and @

Edinburgh, factor of ~20 more computing 
power over ’98-’04(QCDSP)…full QCD 
dynamical domain wall simulations in 
progress since ~05…many quantities 
relevant to phenomenology being computed.

• Look forward to improved calculations of BK , 
ε’/ε, Kl3, p->eπ and many other quantities of 
physical interest.

. Note: Lattice will be relevant even in the LHC 
era















Summary, Outlook & Concerns
I.        HET group has expertise & interests in diverse areas of HEP, precision 

EW, flavor, collider,LHC & RHIC phenomenology and is also very strong 
in its lattice gauge effort .

2. We thank the reviewers & the DOE for adding one PD so now total is
four: should help in capitalizing advent of LHC era in light of group’s
Interest & expertise given also that BNL is a major player of ATLAS in 
the US

3.       Unfortunately for past 3-4 years 0 lattice PD in HET. This is a concern 
given the continuing importance of the subject…Note also BNL(RBC) 
lattice PD’s : Blum(’04), Orginos(’05), Wingate(’06) & now Dawson(’07) 
promotion to junior faculty positions in the last 4 years. 

4.    Having said all that must also emphasize that addition to lattice 
at the expense of phenomenology not desirable in this era


